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We examine the effects of R-parity violating (RPV) supersymmetry on the two-photon B decays 
B — > X a 77 and B s — > 77. We find that, although there are many one-loop RPV diagrams that can 
contribute to these two-photon B decays, the RPV effect is dominated by a single diagram. This 
diagram, named here X-irreducible, has a distinct topology which is irrelevant for the 6 — > S7 ampli- 
tude at one-loop and has thus a negligible effect on the one-photon decay B — > X s *y. We show that 
the X-irreducible RPV diagram can give BR(B S -> 77) ~ 5 x 10" 6 and BR(B -> X s jj) ~6x 10~ 7 , 
which is about 16 and 5 times larger than the SM values, respectively. Although the enhancement 
to the decay width of B — > Xs'yy is not that dramatic, we find that the energy distribution of 
the two photons is appreciably different from the SM, due to new threshold effects caused by the 
distinct topology of the RPV X-irreducible diagram. Moreover, this diagram significantly changes 
the forward-backward asymmetry with respect to the softer photon in B — *• X s yy. Thus, the RPV 
5-H . effect in B — > JG77 can be discerned using these observables. 

PACS numbers: 

o\ : 

I. INTRODUCTION 

> . 

(N . 

. Supersymmetry (SUSY) is considered to be one of the most promising candidates for new physics, curing some 
I ' of the shortcomings of the Standard Model (SM), for instance, the emergence of quadratic divergences in the Higgs 
sector However, despite its appealing theoretical features, so far there is no direct experimental evidence for SUSY 
up to the electroweak scale. Apart from direct production and decays of SUSY particles, indirect probes could be 
employed to search for SUSY in processes were the SUSY particles emerge virtually either in loops or as tree-level 
mediators. In this respect, Flavor Changing Neutral Current (FCNC) or Lepton Flavor Violating (LFV) processes 
1-^ I are a natural search ground for SUSY, since the SM contribution to such processes is either loop-suppressed (FCNC) 
or it is essentially absent (LFV). 

If R-parity (R p ) is violated in the SUSY superpotential, then such flavor changing transitions can emerge from 
interactions of squarks or sleptons with fermions. R-parity is defined by R p = (— l) 3 ( B_i )+ 2s , where B stands for 
baryon number, L for lepton number, and s is the spin of the particle. Thus, R p = 1 for all particles, while Rp = — 1 
for sparticles. The RPV terms in the superpotential that we will employ are: 
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Wrpv = -Kjk^abL^LjEl + X'^^abLfQjDl , (1) 



where Q and L are SU(2) doublet quark and lepton supermultiplet, respectively, and D c and E c denote the SU(2) 
singlet down-type quark and lepton supermultiplet, respectively. Also, i, j, k are generation indices and A^-fe = —Xjik 
due to the antisymmetric SU(2) indices a, b. The above RPV operators may lead to some drastic changes in SUSY 
phenomenology. For example, the lightest sparticle becomes unstable and decays to SM particles and single sparticles 
may be produced in collider experiments. 

In this paper we examine the effects of the RPV SUSY sector on the two-photon b — > s transition amplitude b — > S77, 
focusing on the two decay channels B s — > 77 and B — > ^^77. These two processes have received considerable attention 
in the past decade or so 0, |1 i, H |E Q, |l H G3 . Let us denote by BR M (B -> X sll ) and BR M (B s -> 7 7 Uhe 
branching ratios calculated within a given model M. In the SM, the one-loop ElectroWeak (EW) diagrams give 0,0 
(see also the next sections): BR SM (B -> Y s77 ) - BR SAI (B S -> 77) ~ lO" 7 . The leading order QCD corrections to 
these decays can increase the SM branching ratios by more than 100% [(IQ- 

The effects of physics beyond the SM on the b — * S77 amplitude have also been considered. In the 2-Higgs Doublet 
Model (2HDM) the BR(B -> X sll ) can range from 0.1 x BR SM (B -> ^77) to 10 x BR SM {B -> X s77 ) Hi] and 
in a four generation model BR(B S — > 77) ~ 10 x BR SM (B S — > 77) 0. In addition, the b — > S77 transition amplitude 
was investigated within R-parity conserving (RPC) SUSY in |3, where only a subset of the RPC SUSY one-loop 
diagrams was included (i.e., diagrams with charged Higgs and chargino exchanges, neglecting possible flavor changing 
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neutralino and gluino exchanges). With these assumptions, |7j found that, BR RPC (B s — > 77) is highly correlated to 
BR RPC (B — > X s -f) and is, therefore, bound to be within ±30% of the SM prediction, due to the constraints from the 
measured value of BR(B — > X s j). 

The purpose of this work is to estimate only the effects of the RPV sector on the b — ► S77 amplitude. We, therefore, 
allow ourselves to disregard potential contributions that can change our results for BR(B S — + 77) and BR(B — > ^,77) 
by less than an order of magnitude, such as the effects of RPC SUSY mentioned above, QCD corrections and possible 
long-distance non-perturbative effects. The latter includes strong resonance effects such as B — > X s rj(rj') — > -^77 
and the even more significant b — > s?7 c — > 577 - estimated in 6] to have a width about six times larger than the short 
distance width. These resonant contributions can, however, be essentially removed using appropriate kinematical cuts 
on the two photons invariant mass, with little impact on the short distance width 

As for the RPC SUSY contribution, one can alternatively assume that the RPC SUSY parameter space falls into 
a "corner" for which its effect on the b — > S77 amplitude is much smaller than the RPV effect reported in this work. 
Besides, whether such a corner of the RPC SUSY parameter space is realized or not in nature, our results do not 
justify a detailed analysis which includes the above elements. Nonetheless, in order to appreciate the relative size 
of the RPV SUSY effect, we will include the EW SM contribution, defining the total width as (for each of the two 
photon decays): 



r RPV ~\~ ^interference ; (2) 

where the pure SM and RPV contributions as well as their interference will be explicitly given. 

As in [ETSIIli the width T(B —> ^77) will be approximated by the quark process T(b — > S77) and the branching 
ratio will be defined via: 



BR(B -> X sll ) = ^ - S77) ^ x BR e *P(B -► X c ev e ) , (3) 

where T(b — > cev P ) = 3 x eV is calculated at tree-level (also without QCD corrections) and we take BR exp (B — > 
X c ev e ) = 0.11 

Following 0, T(B S — > 77) will be calculated using the static quark approximation. The corresponding branching 
ratio will be defined as: 



where r to t(B s ) is the total B s width given by its lifetime t(B s ) = 1.46 x 10 12 sec [Til ]. 
Furthermore, we define the ratios 



nM BR M (B^X sll ) M _ BR M (B s -> 77) M _ BR M (B^X s7 ) 
s ~<~< ~ BR SM {B -» X s77 ) ' 77 - BR SM {B S -» 77) ' 7 - BR SM (B -» V s7 ) ' 1 j 

where M denotes the model used for the calculation (RPV in our case). Thus, the more Rf^, RM or R* 1 become 
larger than 1, the more pronounced will the effects of new physics be in the decays B — > -Y s 77, B s — > 77 or B — > X s j, 
respectively. 

Naively, one would expect the one-loop diagrams for b — + S77 to be closely related to those for b — > 57 by "erasing" 
one photon line. In what follows we will refer to these type of diagrams (shown in Fig.^) as X-reducible diagrams. In 
this case, there will be a strong correlation between the two and the one photon b — > s decays. In other words, for 
a given new physics M, we expect the X-reducible diagrams to yield R^i~, R^ ~ R^f , and so the rather stringent 
constraint from the experimentally well measured decay b — > sj will project to the two photon decays B — > X s 77 
and B s — > 77 as well. Indeed, such a strong correlation between the two and one photon b — > s decays was found in 
the RPC SUSY case and for the 2HDM Q. In contrast, as will be shown in this paper, in the RPV SUSY case 
there is a new class of diagrams (shown in Fig.[5J which are topologically different, thus contributing at one-loop only 
to b — > S77 and not to b — -> S7. These diagrams were introduced by us [T^| for the related LFV two photon decay 
ji — * 677 in [T^ . Following [T^ . these diagrams will be named A- irreducible, since one cannot turn them into b — > sj 
diagrams by "erasing" one photon line. Therefore, at least in principle, in the RPV case the X-irreducible diagrams 
can have a large effect in B — > X s ^/j or in B s — > 77, while giving a much smaller (i.e., two- loop) contribution to 
B — > X s j. Again, such an anti-correlation can be parametrized by the ratios R R £j , R RPV and R RPV , since in this 
case (i.e., X-irreducible RPV effect) it is possible to have i?f 7 ^ y , R RPV » R RPV . 

Indeed, we find that the dominant RPV effect is generated by the X-irreducible diagram with a r-loop, which has 
a negligible effect on b — * sj, i.e., giving R RPV « 1. For the case of B — > X s j^, this diagram gives Rf p ^ ~ 5, so 
there is no dramatic change to the rate. Nonetheless, in spite of the rather marginal RPV effect, we find that other 
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FIG. 1: The full set of X-reducible one-loop diagrams for b — > S77. Diagrams 1-4 are 1-particle-irreducible (1PI) and diagrams 
5-11 are 1-particle-reducible (1PR) diagrams. The particles in the loops may be neutrino and d-type squark (then only diagrams 
3-7, 10, and 11 contribute), sneutrino and d-type quark (then only diagrams 1 and 5-9 contribute), lepton and u-type squark, 
and slepton and it-type quark. All the scalar-fermion-fermion vertices are RPV. In all the diagrams except 4, the interchange 
of photons is implied. 

observables such as the shape of the energy distribution of the two photons and the value of a Forward-Backward- 
Asymmetry (FBA) (with respect to the softer photon), are significantly distinguishable from their SM counterparts 
in the presence of the X- irreducible RPV effect and can, therefore, be used to disentangle the new physics contribution 
to B — ► X s jj. Let us also mention that we adhere to the single coupling scheme i.e., we consider only one pair of 
couplings at a time. 

As for the decay B s — > 77, we find that the X-irreducible diagram with a r-loop can enhance its branching ratio by 
more than an order of magnitude. In particular, R^ v ~ 16.6, where the enhancement comes from the pure RPV 
contribution since the interference of the X-irreducible r-loop diagram with the SM diagrams is much smaller. 

The paper is organized as follows: In section^we calculate the branching ratio, the energy distribution of the two 
photons and the FBA for B — > X s -fj. In section ITTTI we calculate the branching ratio for the decay B s — ► 77 and in 
section Hvl we summarize our results. 



FIG. 2: A typical A- irreducible diagram for b — > S77. The full circles denote RPV vertices. Interchange of photons is implied, 
and /, v stand for a fermion with weak isospin —1/2, sneutrino, respectively. 



II. B -> X s77 
A. Calculational setup 

For the calculation of the b(pb) — > s(p s ) 7 (fci) 7 (fc2) decay rate we will employ the same cuts as in 5j. In particular, 
the integration domain D is defined using the following cuts: 

1. The invariant mass of any pair of particles is constrained via: 

(p s + ki) 2 > cml, {p s + k 2 ) 2 > cml, (ki + k 2 ) 2 > cm\ , (6) 
where all momenta are taken in the 6-quark rest frame. The "cutoff" parameter c will be set to 0.01 or 0.02. 

2. The angle between any pair of the outgoing particles is restricted to be larger than 20°. 

3. The energy of each of the photons is cut off from below at 100 MeV, to avoid IR divergences from too soft 
photons in the final state. 

Thus, r(6 — > S77) is calculated from 

1 f dE'duj ttt , . 

where the factor of half is included to take into account the identical photons in the final state and J D denotes an 
integration over the domain D defined above. Also, E' and u> are s-quark and 7 energies, respectively. The RPV 
amplitudes for each diagram are defined as: 



Mi = ^sO t b , (8) 

V 27T 

where G\/V2 = (A' \')i/(8M 2 ), (A'A'), denotes the product of the trilincar RPV coupling relevant for the amplitude 
Mi and Mj is the mass of the corresponding sparticle. Thus, in (7J| M = J^i-^i ls to be understood. 

The quark masses are taken to be: m t = 175 GeV, m& = 4.5 GeV, m c = 1.5 GeV, and (as in |5J) m s is taken to be 
0.15 GeV in M and 0.45 GeV in the integration limits. 

The branching ratio for the decay B — * X s ^f^, subject to the above integration domain for b —* S77, is then 
calculated using 

In addition to the rate, we will consider the energy distribution of the two outgoing photons 1/r dT/ds, where 



(k 1 + k 2 ) 2 ml + m 2 -2m b E' 



(9) 



5 



and the FBA defined as follows yj:' 1 ^ 



_ r(cosfl>o)-r(cosg<o) 

FB r(cos(9>0) + r(cos6><0)' 1 ' 



where 9 is the angle between the s-quark and the softer photon. 



B. B — » X„77 in the SM 

The SM width for B — ► X s ~/^f is calculated using ©, with the SM amplitude given in Q| and with the set of cuts 
and input parameters outlined in the previous section. Our SM results for the branching ratio and for the FBA are 
given in Table [IJ where the contributions from the pure 1-particle reducible (1PR) and 1-particle irreducible (1PI) 
diagrams, as well as their interference are explicitly listed. The energy distribution of the two-photons in the SM will 
be given and compared to the RPV one in the next sections. 





BR(B -> X s77 ) x 10 Y 
Total 1PR 1PI Interference 


A FB 


c = 0.01 
c = 0.02 


1.34 1.02 0.24 0.08 
1.18 0.86 0.24 0.08 


0.66 
0.63 



TABLE I: The SM branching ratio and the FBA [defined in JTOJ], for the decay B -> X s ~n. The cutoff c is defined in ©. 

We note that our results for the SM total branching ratio are about 15% smaller than the results obtained in 
H (recall that we are using the same set of cuts and inputs). This disagreement results only from the pure 1PR 
contribution, since our pure 1PI and 1PI-1PR interference parts are in perfect agreement with Also, our results 
for the FBA in the SM agree with p| up-to a few percent. 



C. RPV couplings 



Extensive reviews on the constraints for RPV parameters can be found in [113. IlI fTHL Hfjj. We note, however, that 
some of the entries in 0, Q, 0, 0] require a renewal which we carry out for combinations of lambda's relevant for 
the b — ► s 77 transition of our interest. In particular, in what follows we will use limits obtained from b — > s£ + £~ 
[l7j . from B — ► PP [J^, where P is a pseudoscalar meson (this includes B — > 7T7t, B — * Ktt, and B — > KK decays), 
from B — > (j)K s and from B — > cjxf> and B — > c/w [23] • Most of these decays are generated at one- loop in the SM 
but at tree level in RPV SUSY. Some of the exclusive processes mentioned above require modeling. For example, in 
|l8j the so-called factorization approximation was used. Therefore, some of these bounds are uncertain to the level of 
the approximation made. In the following, we will discuss in more detail the limits on the individual RPV coupling 
products which apply to the specific diagram or set of diagrams being considered. 



D. Contribution from \-irreducible diagrams 

As mentioned earlier, the A- irreducible diagrams with the topology shown in Fig. [2 could, in principle, give a 
substantial contribution to b — > s 77 , almost without any effect on b — > s 7 , since they cannot be turned into b — > sj 
diagrams by removing one photon line. These type of diagrams were also employed in 12] for the LFV decay /i — > 677. 
Thus, for the X-irreducible topology, T(b — > s 77 ) can be obtained from T(/i — ► 677) simply by interchanging — > mi, 
and m e — > m s and taking the appropriate RPV couplings. We, therefore, use here the results of ^]j with the set of 
kinematical cuts that defines our integration domain. 

Let us first consider the case of / = d in the loop of Fig. [3 This diagram is proportional to the RPV couplings 
A' Q -i A.'i n or AJ 32 AJ 11 (depending on the chirality of the b and s-quarks), which are constrained by the tree-level b — > sdd 
|l8| (note that b —> sdd can be obtained from the X-irreducible diagram by "chopping" the loop and turning it into 
a tree- level diagram). The constraint from [18J induces some uncertainty from the modeling of the exclusive decay 
B — > Ktt (when calculated from the quark- level process b — > sdd). Disregarding such uncertainties, we obtain 
BR(b —> s 77 ) ~ 1CV 9 , i.e. about two orders of magnitudes smaller than the SM prediction. 



[1] The FBA is usually defined for processes with distinct final particles, such as l + and I in the decay b — + s£ + £ . Since in our case 
there are two identical particles in the final state, the usual definition of a FBA does not apply. 
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FIG. 3: The two photons energy distribution 1/F dT/ds, as a function of s = (ki + k2) 2 /m 2 , in the SM (dashed-line) and 
in the SM+RPV case (solid-line) for the X-irreducible diagram with the T-loop, with A232A233 = 0.02 34. For the upper graph 
c = 0.01 while c = 0.02 for the lower one. The low s peak is due to bremsstrahlung and the cuts in Eqn. ©. The other two 
sharp peaks correspond to threshold openings at s — 4m 2 . /m 2 , and s = Am 2 /m 2 . 



The effect of the X-irreducible diagrams with / = s or b in the loop is much smaller than that with / = d, when 
the existing constraints on the relevant A' A' product are imposed. Besides, the couplings A' A' relevant for f — s or b 
also contribute to the X-reducible diagrams, which give a larger effect for these specific couplings (see next section). 

For the case of / = e,fi, there are rather stringent constraints coming from the inclusive b — > sl + l~ ^?|]- Thus, for 
example, the BR for b — ► S77 calculated with the muon loop is ~ 0(1O~ 13 ) and even smaller for the electron loop. 

For the X-irreducible diagram with the r loop, the situation is different. The relevant A'A products that can drive 
the T-loop X-irreducible diagram are: A232A233 or A223A233 and A' 123 Ai33 or A' 132 Ai33, for the j> m and v e exchanges, 
respectively. However, since A133 is severely constrained by the bound on the electron neutrino mass 21), A133 < 0.006, 
the contribution from the v e exchange is negligible. Moreover, since the current bounds imply that A223A233 < A232A233 
(see Hi), we will investigate only the effect of the A232A233 coupling, for which the current limit is A232A233 < 0.0234 
for a 100 GeV sparticle mass [l3| (note that the constraint on A 232 A233 reported in [TJJ is weaker). This constraint 
results from a combination of bounds coming from Z-decays [22] and r-decays [2i| ■ We note that there is no useful 
experimental limit on b — > st + t~ which could in principle impose a stronger bound on this coupling product. Thus, 
taking A232A233 = 0.0234, we list in Table ITT1 our numerical results for the maximal r-loop X-irreducible contribution 
to the BR(B — > ^77), to the FBA A FB denned in JTJJl and to the ratio R^ v defined in |J5J. We see that in the 
r-loop case, the branching ratio for B — > AT S 77 can reach ~ 6 x 10~ 7 , which is about 5 times larger than the SM 
value. This enhancement arises from the pure RPV contribution since the interference between the RPV and the SM 
contributions is negligible in this case (i.e., less than 1% of the total rate). 

We also find that, for the X-irreducible diagram with the r-loop, the FBA {Afb ~ 0.45, see Table HT|) as well as 
the photons energy distribution 1/r dT/ds (shown in Fig. [SJ are significantly different from their values in the SM. 
Therefore, these quantities may prove useful for disentangling the X-irreducible RPV effect in B — > X s jj. Let us also 
mention that we adhere to the one-coupling scheme, i.e., assuming one contribution of a pair of RPV couplings at a 
time. 
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RPV 
coupling 


(A X)max [131 


BR(B -> X 377 ) x 10 7 
SM RPV Interference Total 


A FB 


pHPV 


c = 0.01 
c = 0.02 


-^232 -^233 


0.0234 

11 


1.34 4.81 x 6.15 
1.18 4.81 x 5.99 


0.46 
0.45 


4.6 
5.1 



TABLE II: BR(B — > X s ^yy) x 10 7 for the \-irreducible diagram with the r-loop case. is defined in © and Afb is 

defined in 11 1 0B . The sneutrino mass is assumed to be 100 GeV. x means that the contribution is of 0(1%) (or smaller) of the 
total rate. The cutoff c is defined in 

V 

b ■ b s 
R L 

V 

b / b ] s 
L L 

FIG. 4: The chirality non-flip (upper part) and chirality flip (lower part) diagrams. L and R denote left and right chirality 
projectors, respectively. The external photons may be attached to any charged line. 



E. Contribution from X-reducible diagrams 

The full set of one-loop X-reducible RPV diagrams for b — > 577 is given in Fig. ^ These diagrams can be classified 
according to the RPV coupling involved. For example, for Ay 2 Ay 3 all the X-reducible diagrams are relevant, while 
for X' i2k X' i3k only the diagrams with d-quark-sneutrino (d— v) or e?-squark- neutrino (d— v) in the loop contribute. In 
addition, the X-reducible diagrams can be further subdivided (shown in Fig. 0J, into "flip" -diagrams and "non-flip" 
diagrams according to whether the incoming 6-quark and outgoing s-quark have different or the same chiralities, 
respectively. The flip diagrams are important only for j = 3 or k = 3, where the mass insertion for the chirality flip 
is nib (i.e., the internal quark in the loop is the &-quark). The classification of the X-reducible diagrams is given in 
Table ITTTI 







1PI 






1PR 




loop particles 


d — v 


v — d 


u-l 


t-u 


d — v 


v — d 


u-l 


t-u 


RPV couplings 


{X'ijiX'ij2, 


{Xij3X' i j2, 
^i3kXi2k) 


{X i j 3 X i j2) 


\XijzXij2) 


{X'ij3X' i j2, 
^i3kXi2k) 


{X' i j i \' i j2, 
XiZkXi2k) 


(Xij3Xij 2 ) 


{XijzXij2) 


non-flip 


1 


3,4 


1-4 


1-4 


5-9 


5-7,10,11 


5-11 


5-11 


flip 


V 


X 


X 


X 


V 


X 


X 


X 



TABLE III: Classification of X-reducible diagrams. The numbers in the "non-flip" row denote those diagrams in Fig. Qwhich 
belong to the non-flip category. In the "flip" row *J is inserted if the relevant diagram can have a chirality flip, and x if not. 
Also, 1PI and 1PR stand for one-particle-irreducible and one-particle-reducible diagrams, respectively. 

We find that the maximal effect (i.e., using the maximal allowed values for the corresponding RPV couplings) of 
any given non-flip diagram is always about two order of magnitude smaller than the contribution generated by the 
dominant flip diagrams with the b — v loops. Nonetheless, for completeness, we give below the derivation of the 
amplitudes for the largest non-flip contributions. 

1. N on- flip diagrams 

For the non-flip diagrams we define: 

Q 3 + AQ 3 = i^ a la L{k x - k 2 ) e + j^i^( e ^»X - e^ a k^ a L, (11) 

and 

\Ps-k 2 Pb-k 2 J \Ps-ki Pb-hJ 
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( — —j K~ ) a{v 1 k 2 )<j{ji,k 1 ) + ( — — ) a{fi,k x )a{u,k2) , (12) 

\Ps ■ k 2 Pb ■ kij \p s ■ k\ pb- k 2 J 

where a(fi,k) = a^k p and u^ v = j- [7^,7"]. Then, using the prescription given in section III Al the operators O 
[defined in JSJ], for the non-flip diagrams that give the largest non-flip effect are given in Table llVl wherein the 
non-flip contributions are further classified according to the particles/sparticles exchanged in the loops. 



Loop particles 


o 


b- V 
b — v (non-flip) 

c-e 

c-l 

t-i 


-■^W(m b L + m s R) 
-|(Q 3 + AQ 3 )S 3 + ^W{m b L + m s R) 
-2(Q 3 + AQ S )S 3 + §W(m b L + m s R) 
-§(Q 3 + AQ 3 )5 3 - £W(m b L + m s R) 
lFi(z 2 )W(m b L + m a R), where Fi(x) - 7-12^3^+8^-6^-2+3,) log. and g _ 



TABLE IV: The operators appearing in the X-reducible amplitudes following the definition in (|SJ. Q3 + AQ3 and W are given 
in lllll and 11211 . M is the sparticle mass. 

As mentioned above, the contribution from the non-flip operators in Table ITVl is always subdominant compared to 
that coming from the b — v flip diagrams. In particular, for the non-flip case we find that the typical branching ratio 
is BR(B — ► X s jj) ~ 10~ 9 . Let us, therefore, proceed with the b — v flip diagrams. 




2. Flip diagrams 

The dominant flip diagrams are obtained from the b — v loops and are, therefore, proportional to either A323A333 
or A332A333, depending on the chiralities of the incoming 6-quark and outgoing s-quarkJ 2 ! The constraints on these 
RPV coupling products come from b — * civ and B s — B s mixing, see 0|. The expression for the amplitude of these 
flip diagrams is, unfortunately, too long to be useful for the reader and will not be given here J 3 ' 

The calculation for the flip diagrams was performed using the Mathematica package. The numerical results are 
presented in Table IVl where all interferences were taken to be constructive, by adjusting the sign of the RPV couplings. 





RPV 
coupling 


(A'A')ma* [12] 


BR(B -> X s77 ) x 10 7 
SM RPV Interference Total 


A FB 


R HPV 


c = 0.01 


-^323-^333 
-^332-^333 


0.0033 

0.0025 


1.34 1.02 2.11 4.47 
-"- 0.58 0.05 1.97 


0.73 
0.7 


3.3 
1.5 


c = 0.02 


-^323-^333 
-^332-^333 


0.0033 
0.0025 


1.18 0.86 1.8 3.84 
-"- 0.49 0.04 1.71 


0.7 
0.66 


3.3 
1.5 



TABLE V: Maximal BR(B -> ^77) x 10 7 , A FB and R^ v , for the X-reducible flip diagrams with the b — v loops. The cutoff 
c is defined in ©. 

From Table |V| we see that the largest effect, which comes from the interference of the RPV b — v flip diagrams 
(oc A323A333) with the SM ones, is not quantitatively much different from the pure SM prediction and is smaller than 
the \- irreducible effect with the T-loop. The same conclusion holds for the overall SM+RPV FBA which remains close 
to its SM value. 

In Figs. ISJand we show the energy distribution of the two photons, 1/r dT/ds, in the pure SM and for the SM 
+ RPV flip diagrams with A332A333 = 0.0025 and Ag^A^ = 0.0033, respectively. As can be seen from these figures, 
the shape of the SM energy distribution remains almost unchanged when the RPV flip diagrams are included. 

Therefore, to conclude this section, the largest RPV X-reducible contribution to BR(B — » JC s77 ), which comes 
from flip diagrams with b—v loops, is somewhat smaller than the RPV X-irreducible contribution. Moreover, within 
the X-reducible topology, the FBA and the photons energy distribution are essentially indistinguishable from the SM, 
whereas the X-irreducible topology can significantly alter the value and shape of these quantities. 



III. B s -> 77 

For the calculation of T(B S — > 77) we adopt the static quark approximation Q, where mj j = m b + m s and both 
b and s have zero 3-momenta in the rest frame of the decaying B s meson, in which case the photons are emitted 



[2] Note that the X-reducible diagrams with RPV couplings corresponding to b and s-quark in the loops, contribute also to the X-irreducible 

topology. However, for these specific couplings, the X-reducible effect exceeds the X-irreducible one. 
[3] The expression for the b — v flip diagrams can be ordered by e-mail from S.G. 
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l/r dr/d§ 




FIG. 5: l/r dT/ds as a function of s for SM (dashed) and SM+RPV (solid) for X-reducible diagrams with A- 32 A- 3 3 = 0.00 25. 
Here c = 0.01 for the upper graph and c = 0.02 for the lower one. The cutoff c is defined in ||HJ. 



back-to-back with energies M B J2. Since this model is non-relativistic, as in Q, we use the constituent mass for 
s-quark m s — 500 MeV. 

The current matrix element is 

(0\u s ~t^ 5 u b \B s ) = -if Bs P^ , (13) 

where P = pb — p s is the _B s -meson 4-momentum and f Ba is the £? s -meson decay constant. 
From l |l 3(1 one obtains 

(0\u s j 5 u b \B s ) = if Bs m B , . (14) 

In addition, the fact that 

(0\u sl „u b \B s ) = , (15) 

can be used to simplify the calculation for the X-reducible flip diagrams. For example, the term UsLj^j^Ub can be 
transformed to a combination of four terms: 

UsLj^Ub = — Ualrj^uibUb = (16) 
nib 

— (g^u s Lp , b u b + pbvU s L^^u b - pb^UsLj^Ub + ie flvp<T p?u s Ly' 7 u b ), (17) 
nib 

which, when put between vacuum and meson states as in 1 (13( 1. turns into 

u s Ll^lvUb = l^idtMuP ■ Pb + PbvPf, - Vb^Pu + i(^ P aP P b P a ) ■ (18) 
Thus, in the static quark approximation l(18|) amounts to 

UsLj^Ub = . (19) 
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FIG. 6: l/r dV/ds as a function of s for SM (dashed) and SM+RPV (solid) for X-reducible diagrams with A323A333 = 0.0033. 
Here c = 0.01 for the upper graph and c = 0.02 for the lower one. The cutoff c is defined in @. 



Following the above procedure, the B s — > 77 amplitude can be parametrized as 



Mm = 2f Bs 



(20) 



where the subscript M denotes the model used for the calculation. The decay width for B s — > 77 is then given by: 



— (\ B+ m\ 2 



\B~m\ 2 ) 



(21) 



In the SM 



B 



SM 



oGf_ a± 



(22) 



where the form factors A + and A~ are denned in 

As in the case of B —> X s ~f~f, we find that the potentially largest RPV contribution to the width of B s — * 77 comes 
from the X-irreducible diagram with the r-loop. In particular, this diagram gives an enhancement to T(B S — > 77) 
which is about 100 or 10 times larger than the one obtained from the X-reducible non-flip or flip diagrams, respectively. 

The RPV form factors in the X-irreducible case are: 



+: _ am Bs iX' 232 X 2 33 , , > , s 

B « PV= 16. m T M? -M^giMx) 



(23) 



with 
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h/2{x) = 2x 



1 + (1 — x) arcsin 2 



9i/2( x ) — 2a; arcsin 2 ( —= ] , 



(24) 



where Mp is the sneutrino mass and for the T-loop case x = (2m r /ms s ) 2 . 

Our numerical results for the SM and the X-irreducible RPV contributions to BR(B S — > 77) [using |@}] are sum- 
marized in Table IVT1 The results were obtained with mj, = 4.8 GeV, m s = 0.5 GeV, mj j = mt, + m s , V c b = 0.04 and 
/b b — 200 MeV. The RPV couplings were taken at their maximal allowed values and the sneutrino mass was set to 
100 GeV. 



RPV from X-irreducible diagrams with the r-loop 


RPV 
coupling 


(A A )max [13] 


BR{B S -> 77) x 10' 
SM RPV Interference Total 


R RPV 


^232^233 


0.0234 


2.74 38.4 4.41 45.55 


16.62 



TABLE VI: BR{B S -> 77) x 10 7 in the SM and for the X-irreducible dia grams with the r-loop. The sneutrino mass was set 
to 100 GeV. See also text. 



We see that the enhancement from the X-irreducible r-loop diagram is here particularly large: BR(B S — > 77) ~ 
5 x 10 -6 , about 16 times larger than the SM prediction (although still far below the experimental limit, 1.48 x 10~ 4 
[Tl|). We also note that our numerical result for the SM branching ratio agrees with Q after substituting our fs e , 
V c b and t(B s ) for the values used in 



IV. CONCLUSIONS 



We have investigated the effects of RPV on the b — ► S77 transition amplitude, focusing on the two-photon B decays 
B s — » A"s77 and B s — > 77. 

We have calculated the complete RPV one- loop contribution to these decays in the one-coupling scheme, i.e., 
assuming one contribution of a pair of RPV couplings at a time. We found that the RPV effect is dominated by 
a single one-loop diagram which was named X-irreducible. This diagram has a distinct topology which is irrelevant 
to b — > S7 at one-loop. Therefore, since its effect on the one-photon decay B — > X s ^ is negligible at one-loop, the 
X-irreducible RPV effects that were found for the two photons decays B s — > X s ^j and B s — > 77 are uncorrelated to 
the decay B — > Xg^. 

We found that the X-irreducible RPV diagram with a r-loop gives BR RPV (B s — > 77) ~ 16 x BR SM (B s — * 77) ~ 
5 x 10~ 6 . In the case of B — > X s ^^f the enhancement to the decay width is less dramatic: BR RPV (B — > X s jj) ~ 
5 x BR SM (B -> V s77 ) - 6 x 10~ 7 . 

We have also shown that, in spite of the rather marginal RPV effect on the decay width of B — > X s -fj, other 
observables may be used to disentangle the X-irreducible RPV contribution. In particular, we find that the energy 
distribution of the two photons is significantly different from the SM since it is sensitive to new threshold effects 
caused by the specific topology of the X-irreducible diagram. Moreover, a forward-backward asymmetry with respect 
to the softer photon in B — > V s 77 is appreciably different from its SM value in the presence of the X-irreducible RPV 
effect. Thus, these two observables may be used to provide an additional handle for discriminating different models, 
in particular RPV SUSY. 
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